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PLANS FOR MINIATURE MACHININGAT LASL

by

Rtchard Rhorer
Los Alamos Scientific Laboratory

ABSTRACT

A special shop for making m~niature or very small parts
is being established within the LASL Shop Department, and one
of the machine tools for this shop is a high precision lathe.
This report describes a method based on scale modeling analysis
which was used to define the specific requirements for this
lathe.
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PLANS FOR MINIATURE MACHINING AT LASL

by

R. L. Rhorer
Los Alamos Sci~ntific Laboratory

For the last couple of years the LASL Shop Department has consid-
ered establishing a shop to make very small parts, or a “miniature
shop”. We are now proceeding with setting up this miniature shop,
primarily with machine tools and equipment already at LASL, but
previously located In several shops. Much of the work we intend for
this shop is not particularity a new type of work, hut we hope to
improve our efficiency and turnaround time on the turning and drilling
OT diameterS down to a few roils5iZ@.

Some of our miniature work is an outgrowth of “target” fabrica-
tion for inertial confinem~nt fusion; however, many of our miniature
machining needs arc for other research projects, and USIKI1lYrquir~
only one or two of each part on a short turnaround. in addition, wc
may establish a shop primarily for targ~t fabrication”in the near
future. Our miniature shopm~y support this target fabrication facil-
ity w~th development or research in machining techniques. The n~inia-
t.ureshop will drew on some of the cxpericncc of our precision or
didmonclturning efforts.

Some of the cl(!t~ilsand possible tools rcquirc(lfur this nliniu-
turc shop arc listed in Fig. 1. Mwy other itcmu such iIsmicroscopes,
surface pldtcs, inspection equipment, etc. miiybc nccussary, but this
is iIsunmry of our initial plans for the shop. The n(m.1for iI2 oxis
NC lath~ wa~ c$kablishcd. Prcscntcd in Fi:j.2 are some nlorcclct.tiils
on the Pncumo littllcwe h~vc ordcrc!clfor tl)lsjol).

10 arrive iitthese requircwents which cvc:ntuirllyrc~ultc(lin us
ordering a Pneumo lathe, a simple sc.irlemodel andlysis w[lspcrfornlc(l.
Scale modclirrgi5 usually used to build iIsII:.Jllmodel of a lnrgc
system, m~kc measurements or do cxpurilnentson the morl(Il,findthvn
predict the performance of the larger or prol.otypcsystcm. Thc!mcthocl
ubml to de:;ignsuch a model is illus~rntud in Fig. 3.

This clmls with geometric sinlilaril,yonly, but other vari~blc:;
such as, time, Velocity, force, stirfllt!:ls,etc., ills(lneed to be SC(IICLI,

(oftm not as simple as geometry, but itsciIlcrclationshil]c~n Ix!found)
to riIt.isFy“complr!tcsimilnr{ty” bctwrx!nmodel irndprototype!. Any
vari~bl(!th~l a~l(!ctsthu pcrfo,-m~rlccor rcsponw of thir systcm h~s to
b(’Scaled.



To help answer the questions of “what kind of machine is needed
to make small parts?” We looked at the requirements from the stand-
point of scale modeling. A slightly different approach than normal
was used. In this case the prototype or ‘real” system is a very sm~ll
part, and a model was chosen ofconventlonal size part. Such a case
Is illustrated with an example in Fig. 4.

A typical miniature part was chosen for the example. From scale
modeling relationships a conventional size part 100 times larger was
designed as a model. The machine requirements to make this model were
then determined from coi’rventioniilmachining experience. Then osing
this information and scale factors, the machine requirements for the
miniature machine were detcnnincd.

The results indicate a machine with positioning accuracy of 0.1 pm
and a spindle runout.of 0.02 pm is required. These type accuracies are
currently found only in large state-of-the-art machine tools, not jew-
lers type lathes.

The sInallcutting force (.001 N) for the mirriaturcpart dictates
the use of displilcementcontrol rather than a force sensitive or “feel”
type operation. Therefore, a machine with high qui~lityclosccl-loop
displacement control is :ndicatcct.

To produce the surface finish required for the miniiiturupart,
sprcidl concern for vibration isolation is i]lsoncxxicd. The criteria
for evaluating vibration in a machine is detmnincd from scale IIIOJJC1

analysis; nmuely, r~ndorndispliIccIIIentsbctweun the work and tool tli(l:,~
be less than 100 times smaller for the minial:urcmachine.

Th(Jtype.of scillemodeling used for tl)i~study requires that the
velocity scale fdct.or11Punity. T!,pr~f~r~,as show,),the spindle I{IJM
!momcs quite high for complutc similarity botwc’~nthe mr.)dl?liln(lproto-
typu. This high RPM Iflilynot hc prackic;]l,hut.tlw cffix1.of iIlower
cutting spc(?dci]nbe examined from ot}wr scirlcfactors.

TIM!primary conclusion of this study was that ifwe w~nt to m~kc
smilllparts tllaLlook as good under J microscope as convcntion~l ;)arts
do without magnific~tion, tlm wc need the bc$t mchinc pussiblc for
m~king the znull p~rls; i,hcruforc,w(:nrc purcllasinqn diamond Lurnilig
qunlity nmchin~.

-?-



Fig. 1 ~HOP FOR MINIATURE MACHINING

Approximately 1800 sq. ft. - semi-clean room

Probably contaia:

3 Hardinge Tool Room Lathes
3 Jeweler’s Lathes
Najet Drill
Tsugami Grinder
Small Swiss Automatic Lathe
Small Jig Bore
2-Axis CNC Lathe

.
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Fig. 2 2-AXIS CNC LATHE FOR MINIATURE WORK

Pneomo Precision, Inc. - Model MSG-325

X-Travel - 12 inch

Z-Travel - 8 inch

Air Bearing Nays

Air Bearing Spindle

Swing - % 14 inch

Resolution - 10 microinch

Controller - Allen-Bradley 7360

Laser Interferometer Feedback (HP5501)

‘ApproximateCost $21OK +% $90K
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Fig. 3 SCALE HODELING

6eaetry Similarity

Prototype System (p) Model System (m)

The dimensions of the prototype and model are related as:

{1h {}
h=

~
P

~ #
m

and,

{+}, = {:}m=
All other dimensions are related in a similar manner, and the
length scale factor is:

(Xo)
SCALE FACTOR

d‘L= Xom



Fig. 4 - SCALE MODEL RELATION5;iiPS

MODEL
(cONVENTIOtiALPART)

2Jmm
Diam --1--1

Tolerance ~O.lmm
Surface finish l~n RMS

0.1 ml

1000 RPM
(131 mm/see)

Approx. 10 Newtons

VARIABLE AND
SCALE RELATIONSHIP

Dimensions
Length Scale
NL= 0.01

Length In Proto = 0.0
Length in-

(Applies to al1
Dimensions)

Tool R3dfus

(NL=.01)

Spindle Runout
(P{L=.O1)

Spindle Speed
{Velucity, Nv=l )

Cutting Force2
(Force, NF=NL =.0001

PROTOTYPE
(ICF SIZE P/\RT)

25~m
Di am t-i

Tolerance ~lpm
Surface finish

.0-[-

lpm” —

O*O2 pm

100000 RPM
(131 m.m/see)
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